Two cases of human cutaneous anthrax were reported in September 2014 in south-western Bosnia and Herzegovina. The two men were involved in slaughtering a cow and handled its Bacillus anthracis-infected meat. Anthrax has been sporadically observed in livestock in Bosnia and Herzegovina, but no confirmed human cases had been reported in the country in the last two decades. Clinicians in the country should be aware that anthrax may occur in humans, arising from exposure to infected animals.
Case report
Two men from a rural community in south-western Bosnia and Herzegovina presented with cutaneous anthrax in September 2014 after slaughtering a cow and handling its meat, which was later found to be infected by Bacillus anthracis, the causative agent of anthrax.
Case 1
The man, in his early thirties, had been involved in the cow's slaughter and handling of its meat at the end of August 2014. During the meat handling, his right infraorbital region was struck by a bone of the cow, which resulted in a small superficial skin lesion and crusting. Due to swelling and redness of the right orbital and infraorbital region, he was examined by an otorhinolaryngologist and ophthalmologist at the regional general hospital. Despite being prescribed oral azithromycin 500 mg daily and corticosteroids, there was a progression of periorbital cellulitis and he was admitted to the same hospital in early September 2014. His treatment included azithromycin, local antibiotic and corticosteroid therapy for his eye and antihistamines. The day following admission, due to suspicion of rhinosinusitis complications, he was admitted to the Department of Otorhinolaryngology and Maxillofacial Surgery at the University Hospital in Mostar. He felt no pain in his right eye and had no fever. Serum concentration of C-reactive protein (CRP) was increased (68.3 mg/L; norm: 0-5 mg/L), while the erythrocyte sedimentation rate, and levels of leukocytes, erythrocytes, haemoglobin, platelets, liver transaminases were all within the normal ranges. The results of urine analysis were also normal. Computed tomography scans showed healthy maxillary and ethmoid sinuses, and diffuse soft tissue oedema of the right-hand side of his face.
In the following days, due to the extent and spread of the swelling to the left orbital region, the patient reported intense pain. In order to decrease skin tension and facial pain, an incision in the right upper buccal vestibule was made and the pain was relieved successfully. Swab cultures of the wound and right eye tested negative for the presence of aerobic bacteria. However, a characteristic malignant pustule (dark crust) appeared in the affected infraorbital region.
Given the presence of the pustule, cutaneous anthrax was suspected and the patient was admitted to the Department of Infectious Diseases at the University Hospital in Mostar, and the local Department of Epidemiology and Public Health was informed about the case. Epidemiological investigation and analysis of frozen meat from the cow (by bacteriological cultivation) confirmed the presence of B. anthracis on 21 September 2014.
The patient was initially treated with an empirically combined antimicrobial therapy (ceftriaxone, 2 g once daily, and metronidazole, 500 mg three times daily, intravenously) for periorbital and facial cellulitis. While still in the Department of Infectious Diseases, the antimicrobial therapy was modified, with administration of penicillin G, 4 million international units (IU) four times intravenously daily for the next 10 days. The patient also received local ophthalmic antimicrobial therapy (tobramycin solution). Clinical recovery was followed by regression of local swelling and peeling of the dark crust and normalisation of CRP levels.
Case 2
A man in his early fifties, a relative of Case 1, who had also been involved in slaughtering the same cow and handling its meat, presented to a primary care practice in September 2014 with a wound on the volar side of his right forearm. The wound was about 3 cm in diameter and covered with a black crust. The area was slightly oedematous. At the regional general hospital, he was diagnosed as having allergic contact dermatitis and was initially treated with corticosteroids, then with amoxicillin/clavulanate potassium (800/200 mg) orally two times daily for seven days, and finally with corticosteroids and cefuroxime axetil 500 mg orally two times daily. As there had been no clinical improvement, and as it was known he had also been involved in the slaughter of the infected cow, he was admitted to the Department of Infectious Diseases, University Hospital in Mostar, towards the end of September 2014, shortly after B. anthracis had been detected in the cow's meat. Cutaneous anthrax was suspected, given his symptoms and following an epidemiological investigation. He was successfully treated with ciprofloxacin 500 mg orally two times daily for 14 days.
Background
B. anthracis is a sporulating Gram-positive bacterium. The main routes of human exposure to spores are by inhalation, ingestion, contact with skin and injection of contaminated drugs [1, 2] . In most patients (95%), the disease manifests as cutaneous anthrax, whereas the remaining 5% of cases present with inhalational or gastrointestinal syndromes [3] . Of these two forms, the most severe is inhalational anthrax, which is usually fatal if left untreated. In such cases, often acts of bioterrorism are suspected [1] [2] [3] [4] . Cutaneous anthrax on the other hand generally develops after direct contact with infected animals or animal products. Symptoms typically appear up to 17 days after contact [5] , but in an experimental model, the incubation time can be up to 58 days [6] . Thus, cases of cutaneous anthrax are reported as an occupational disease, which mostly occurs in farmers, butchers, dealers of hides and animal hair, wool sorters and veterinarians [4] . Characteristic of cutaneous anthrax is the appearance of a malignant pustule surrounded by oedema at the infection site [7] . Due to the use of antibiotics, the mortality rate is typically under 1%, but if left untreated the fatality rate can reach 20% [2, 7] .
Anthrax has been used in bioterrorism. The only documented terrorist attack with anthrax spores was in 1993 by the Aum Shinrikyo cult in Japan; there were no cases [8] . During deliberate release of weaponised anthrax spores in 2001 in the United States, 28 people tested positive for B. anthracis in nasal swabs, 22 became ill and five people died [1, 6] . Sporadic anthrax in livestock was last reported in Bosnia and Herzegovina in 2010 [9] [10] [11] , but no confirmed cases of cutaneous anthrax in humans had been reported in this country in the last two decades. In 2011, sporadic human cutaneous anthrax cases due to contact with infected livestock were reported in Serbia [12] , which borders with Bosnia and Herzegovina, and in Romania [13] . Sporadic livestock anthrax cases have also been reported in the past 25 years in areas of Croatia bordering Bosnia and Herzegovina [9, 14, 15] .
The two cases reported here should be considered as an alert to the medical community in Bosnia and Herzegovina to the possible appearance of anthrax in humans arising from exposure to infected animals.
Discussion
The last reported case of anthrax in humans in Bosnia and Herzegovina was in 1992, a woman from the rural south-western part of the country, who was hospitalised and treated for cutaneous anthrax in Split, Croatia [16] . A possible human anthrax case in Bosnia and Herzegovina -a person from neighbouring Serbia -was reported in 2009 in Bosnia and Herzegovina's epidemiological bulletin [17] , but the infection was not confirmed by laboratory analysis or epidemiological investigation (unpublished data).
Floods in Bosnia and Herzegovina and neighbouring countries in May 2014 could wash and mobilise B. anthracis spores from deeper layers in the soil. In addition to classical infection by contact with bacteria or spores, B. anthracis might also be transmitted by insects [16, 18] , which are especially active in warmer (summer) days, although the epidemiological impact of biting and/or non-biting insects in anthrax infection is not yet fully understood.
The structure of the epidemiological and veterinary services in Bosnia and Herzegovina should also be borne in mind regarding anthrax control. One of the two political entities in the country is the Federation of Bosnia and Herzegovina, which is divided into 10 independently structured counties. Every county has its own department of public health and veterinary department, leading to challenging control, coordination and prevention of infectious diseases through appropriate vaccination of livestock.
As described by Kracalik et al. for Georgia [19, 20] , vaccination of livestock and education of cattle workers could be the basis of an effective strategy for the prevention of anthrax also in Bosnia and Herzegovina and thus for the avoidance of anthrax spread. Thus, a longterm vaccination programme in livestock coordinated by the government would be helpful as an important measure to prevent the spread of anthrax in Bosnia and Herzegovina.
The human cases reported here should serve as a reminder to healthcare personnel in Bosnia and Herzegovina to be vigilant.
